NEW ANSAMYCIN ANTIBIOTICS, NAPHTHOQUINOMYCINS A AND B, INHIBITORS OF FATTY ACID SYNTHESIS IN ESCHERICHIA COLI
Sir:
Several inhibitors of fatty acid synthesis have recently been noted as a new group of antibiotics which show selective toxicity against procaryotes.
Thus, thiolactomycin1~3) selectively inhibits the fatty acid synthetase of Escherichia coli (type II) but has little effect on that of mammalian tissues (type I) [4] [5] [6] [7] [8] . On the other hand, cerulenin inhibits both type I and type II synthetases4, 7) In order to find new inhibitors of the fatty acid synthetase of E. coli (type II), we employed a fatty acid synthetase assay system comprising fraction A and the acyl carrier protein (ACP), which was prepared by essentially the same method as described by MAJERUS et a1. 8 ) from E. coli K12 except that the ACP preparation was used without further purification by DEAEcellulose and DEAE-Sephadex chromatography. The activity of the fatty acid synthetase was determined by the radioactive assay method described by KAWAGUCHi et al.9), which measured the incorporation of [2-14C]malonyl-Co A into the fatty acid fraction in the presence of acetyl-Co A and NADPH.
Three active compounds were isolated from the culture filtrate of Streptomyces strain No. S-1998. These antibiotics belonging to the ansamycin group were named naphthoquinomycins A, B and C.
The strain No. S-1998 was cultivated on a rotary shaker at 27°C for 5 days in 5-liter Erlenmeyer flasks containing 1 liter of a medium consisting of glycerol 3.0%, corn steep liquor 1.0%, dry yeast 0.3%, NaCl 0.5% and CaCO3 0.35%. The filtered fermentation broth (3 liters, pH 7.1) was adjusted to pH 3.0 with HCl and extracted with EtOAc. The organic layer was concentrated in vacuo and subjected to silica gel column chromatography.
The active fraction eluted with CHCI3 -MeOH (100: 2) was evaporated in vacuo to give a crude material, which was (18) CH3C (8) CH3C (I2) CH3C (22) HC (1 8 CH3OC (30) HC (17) HC (7) HC (I6) HC (21) HC (2) HC (5) HC (4) HC (6) HC (13) HC ( (Table 1) suggest that these antibiotics contain a naphthoquinone moiety, and the 1H and 13C NMR spectral data indicate that their structures are very similar to those of naphthomycins A10,11) B12) C12) and H13) (Fig. 1) .
Comparison of the physico-chemical properties and the 1H and 13C NMR spectral data (Tables  2 and 3 ) between naphthoquinomycin C and the above known antibiotics leads to the conclusion that naphthoquinomycin C is identical with naphthomycin H13)
The molecular formula of naphthoquinomycin B is established to be C,OH"NOOS based on high resolution FAB mass spectral data, whereas that of naphthomycin H is C39H44C1NO913) The 1H NMR spectrum (Table 2) of naphthoquinomycin B shows the presence of a new S-methyl signal at 2.45 ppm suggesting that the chlorine atom in naphthomycin H is replaced by an Smethyl group in naphthoquinomycin B. This conclusion is confirmed by comparison of the 13C NMR spectra (Table 3) ; naphthoquinomycin B shows 7 methyl carbon signals, one of them at 18.6 ppm corresponding to an S-methyl carbon is missing in the spectrum of naphthomycin H.
In the 1H NMR spectrum of naphthoquinomycin B, the coupling constants of the triene system (J2,3=11.0, J4,5=11.0, J6,7=15.0 Hz) prove that C(2)=C(3) and C(4)=C (5) have Zand C(6)=C (7) have E-configurations. The Econfiguration is suggested for C(16)=C(17) (J16,17=15.0 Hz). Since the chemical shifts and the coupling constants of the olefinic protons at C(13) and C(21) are nearly identical with those of naphthomycins A and H, and since the chemical shifts of the C(12) and C(22) methyl carbons are shifted upfield (11.5 and 12.7 ppm, respectively) by r-effect, the configuration of both the double bonds, C(12)=C(13) and C(21)=C(22), are proposed to be E as shown in the structure (Fig. 1) .
The 1H and 13C NMR spectral data of naphthoquinomycin A show the presence of a new methoxy signal at 4.08 ppm and 59.7 ppm, respectively, instead of the S-methyl signal of naphthoquinomycin B. These data and FD mass spectral data (m/z (M+H)+ 702) of naphthoquinomycin A give the molecular formula as C40OH47NO10 indicating the replacement of the S-methyl group in naphthoquinomycin Naphthomycin A R,=Cl, R,=CH, Naphthoquinomycin A R,=OCH3, R,=H Naphthoquinomycin B R,=SCH3, R2=H Naphthoquinomycin C R,=Cl, Rz=H (Naphthomycin H) Naphthomycin B R=Cl Naphthomycin C R=H Table 4 . Biological activities of naphthoquinomycins and naphthomycins. The inhibitory activity on fatty acid synthesis in E. coli and the antimicrobial activity of these naphthoquinomycins and naphthomycins are shown in Table 4 .
